Validation of 404 nm multi-pass photoacoustic spectrometer 1
We tested the linearity of the PAS response for slightly absorbing particles. 2 Figure S1 shows the change in signal (relative to the baseline of N 2 filled cell) for 200 nm 3 particles of Suwannee River fulvic acid (SRFA), and 150 nm and 250 nm particles of 4 Pahokee Peat fulvic acid at different concentrations. At the tested concentration range 5 linearity is maintained. The PAS response to purely scattering substances at the relevant 6 wavelength was also measured. We tested the PAS response to PSL spheres and 7 ammonium sulfate particles and found no increase in the measured signal when these 8 particles were introduced. 9 Figure S2 shows that the baseline and PAS response for four PSL sizes cannot be 10 distinguished. We also found that the PAS measurement is stable at low RH (0-12%), for 11 flow rates of 300-1500 cm 3 min -1 and that slightly absorbing particles (SRFA and PPFA 12 in this case) are not modified by the interaction with the high laser power. The latter was 13 verified by testing the stability of the particles extinction in the CRD-S as they were 14 alternately subjected to the high intensity PAS laser beam. 
24
Validation of the 404 nm cavity ring down spectrometer 25 To validate the new 404 nm CRD-S, the light intensity decay in the cavity is monitored 26 and an exponential function is fitted to the signal ( Figure S3 ). As a rule of thumb, the fit 27 should yield R 2 ≥ 0.9999 and a residual ≤ 10% in a time span of at least five times the 28 calculated decay time (τ). Additionally, the linearity of the calculated extinction was 29 tested by plotting the extinction coefficient as a function of particle concentration when a 30 single component quasi-monodispersed particle population was introduced to the cavity 31 ( Figure S4 ). The proportionality constant of such a plot is the extinction cross section 32 (σ ext ) of the particle. In Figure S4 , σ ext 's (slopes of the shown curves) are not shown 33 because the particles used are not PSL spheres so σ ext may suffer from multiply charged 34 particles contribution. If corrected, it is expected to improve linearity. 35 
48
Ozone production and PAS calibration ≈1.6% loss in the PAS cell with the laser turned off and ≈3% with the laser turned on at 54 its highest power output. Results also showed that no measureable loss could be detected 55 due to flow in the CRD-S with the laser turned on and off. 56
Additionally, the absorption coefficient from the CRD-S was recorded as the laser 57 light was blocked and un-blocked from entering the PAS cell with O 3 flow from the UV 58 lamp generator in the "PAS first" tandem configuration. Figure S6 shows that the 59 measured absorption coefficient in the CRD-S increased by 0.5 to 1% when laser power 60 was blocked from the PAS cell suggesting some ozone photolysis. 61
A comparison between O 3 calibrations at different instrumental configurations is 62
shown in Figure S5 . O 3 calibration curves are shown for a "PAS first" and a "CRD-S 63 first" tandem setups where O 3 was generated using both the UV lamp and the corona 64 discharge generators. Differences between the calibration slopes are below 5%. 65
To test whether the O 3 concentration is stable with laser power, we used O 2 /O 3 66 flow from the UV lamp with about 627 ppm O 3 and varied the set laser power. This is demonstrated in our study by the difference in O 3 calibration slope between figure 84 5, figure S5 and the results of the calibration slopes with changing flow rates. 85
From the above results, we conclude that the effect of possible NO 2 (or other gas) 86 contamination due to O 3 generation, if exists, is negligible. 87 
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Complex refractive index retrieval for nigrosin thin film using 100 
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